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ABSTRACT L_ 1

“;j7 Although there is mounting interest in the measurement of
stresses in composite materials after fabrication and/or use, few
measurements to date have Gaézi:ken into account the three dimen-
sional nature of the stress system in such materials. Most data
gives oﬁly the net stress, that is the difference between princi-

thos yew- T desoirps

pal stresses. A procedure for a more complete measurement (in a
reasonable timeb\Lsﬁd.nclbped'hertc> including the separation of
macrostresses and microstresses. 1§ timeéLg:;s not permit a full
investigation, measurements of the lattice parameters of the
component phases provide a simple way to sample the hydrostatic
component due to differaeantial thermal contraction. The Bartet{r
Predecki method of adding filler is particularly promising for
stregss measurements in those composifes whose component phases do
not give appropriate diffraction peaks. This procedure could

also be used for monitoring stresses during the useful life of
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INTRODUCTION

L

There are a variety of origins for the residual stresses (and

strains) in a composite. Firstly, there ara the '"macrostresses"

DO I e

- that may arise due to fabrication - rolling, machining, etc.

These occur because of the relative elongation of one raz:ion of
. the material relative to the other, usually the near surface
a regions relative to the buik. There are also various sources of
"microstresses”: a) those stresses that arise due to differential

cooling of the matrix and reinforcement, b)Y those due to their

PR

A
.

N different plastic behavior, ¢) those due to compatibility strains
because of their different elastiec constraints, d) those due to
: coherency strains, e) those due to differences in constraints
E (surface vs. bulk). Especially if there is strong bonding be-
tween a fiber or particle and the matrix these microstresses may
vary appreciably through the matrix, perhaps as shown in Fig. 1.
In this review, the exact nature of these two types of stresses
will be discussed first, and then how they effect the crystalline
h diffraction pattern. The use of x-ray diffraction has a long
. history itn sampling stresges, with a particularly dynamic period

in the last decade, so that its use is well established, and most

o details are understood in depth. More recently, neutron scatter-
N ing has been shown to offer some advantages which will be ex-
amined here. Finally, the various techniques applicable to conm-
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posites will be reviewed. .
It is perhaps worth mentioninq,. that the larges§ body of

experience on the use of diffraction for sampling stress systems

has been in the basic industries for measurements of stresses in

steel products. Steel is, after all, a composite! Therefore,

the procedures described here maybe of use in this field as well.

Indeed, the origins of my own thinking on this topic lie with an

interest in separately determining the stresses in the ferrite

and carbide phases.

MACROSTRESSES (m_ .
Gij):

The origin of macro-residual stresses may be envisioned as

the process shown in Fig. 2. One piece of material is longer
than another; this could be the near surface region, due to
rolling, grinding, peening, or the action of one ply on another,
etc. This piece is compressed by applying traction, it is joined
to the bulk, and then the traction is removed. It attempts ta
spring back to its original dimensions, but is resisted by the
bulk, and applies a tensile stress to this bulk. Thus it is in
compression, and puts the bulk in tension, "Fig. 3. The first

fundamental point about these macrostresses is that the integra-

tion through the thickness must be ztero for equilibrium (¢(Mura,




4
1982; Moyan, 1983). The regions in tension must be balanced by .
those in comptéssion. With D the body's volume:
T M (1)
Mo, . =0 .
01J dD

This is really nothing more than a statement of mechanical equi-

librium.

The second most important point in this discussion of macro-

stresses is the equilibrium conditions at an infinitesimal element

in a body:

%sij,j = 0, (2a)
The indices i, j run from 1-3. Actually, equations 2 can be
emploved to prove Eq. ! (Mura, 1982) . In all that follows, the
azial system in Fig. 4 will be employed. For the moment consider
only ‘the specimen axes, P, ,n4 note that the direction “"Py" is
normal to the surface of the specimen. One form of Eq. 2a is:
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For a macrostress system, moll' molz do.not vary with P, or P,
and therefore the gradient of mol3 must be zero. Furthermore,
from Eq. 20, mcl3 is zero at the surface. Hence macrostress mbls
cannot exist any where in the specimen. In a similar fashion, it
can be shown that ™ _ m =
noBe she 3t To23 = 933 = 0.

Finally, the macrostress is, by definition, the same in all

phases.

MICROSTRESSES (HG

ij):

In a processed composite there may be 3 macrostress, and in
the near surface regions, the forces in this region applied by
the bulk violate Eq. (2b). Therefore Eq. 3 is no longer true;
for microstresses the H0i3 can and do exist. This is the first
important concept about the microstresses. The second concept
can be obtained by amploving Egq. 1 for a2 two-phase (a and b))
material with f the volume fraction of second phase. Integrating

over a large volume (Novyan, 1983).

(4)
= 0.

(1 - f) <u6i?> + <uoi§)>




The carats imply averages over the volume sampled by the integ-

ral. This equation has a number of uses. Having measured the
microstress in oné shase, the microstress can be calculatad for
the second phase. Secondly, Eq. 4 can serve as 3 useful check

that the measurad microstresses are correct (KXrawitz, 1984).

These microstresses are balanced locally between phases,
betwean soft and hard regions, between regions with different

orientations (and hence different elastic and/or plastic ras-

ponse) . Whe% they are present, Eq. {1 may not hold for any one
phase. Measurements of stress in one phase vs. depth may even be
constant, because the stress is being balanced by another phase.

Perhaps this separation of the stress into macro and microstress
components is artificial. Yet it helps us to understand why
especially in a composite material, the stresses may not appear
to balance over a cross section, and why normal components of the

stress are sometimes present.

In the next section, we consider hoy thase differant kinds of

stresses can be measured.

THE EFFECT OF STRESSES ON THE DIFFRACTION PEAK:

The diffraction technique of measuring stresses involves a
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measurement of one or more of the interplanar spacings character-

istic of a crystalline solid (matrigx or particle). This spacing
acts as an interna! strain guage. The physical principles ianvol-
ved are illustrated in Fig. §S. The interplanar spacing expresses

itself in the diffraction pattern through Bragg's law, N =
2dsin9, where A 1. the wavelength, and 22 is the scattering angle
of the observed peak. Thus, knowing >, and measuring &, "d" is
obtained. In the ezample shown in Fig. 5, there is a surface
compressive stress, and due to Poisson's effect, the interplanar
spacing in the grains diffracting in (a) is larger than in the
unstressed state. In (b) the sample has been tilted (y degrees).
The planes diffraction are now mote nearfy perpendicular to the
stress, and "d" is less than in (a). It is through such measure-

ments that the stress is obtained.

To proceed in a more quantitative fashion, we refer again to
Fig. q. In addition to the sample axes, Pi, we Qill now be
concerned with the laboratory axes, Li‘ In particular, measure-
ments are made of the interplanar spacing of the crystal planes

perpendicular to L. .t gach ' tilt of the specimen. The angle W

refers to the tilt of the surface normal relative to the position

whecrte this normal bisects the incident and diffracted beams. In
the Li system, strains and stresses will carry a prime, whereas
the strains and stresses will be unprimed in the Pi system. Then
B I T T R A N S A R T T
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with do the unstressed interplanar spacing, a straightforward
application of tensor algebra to rotate the strains from one

azial system to another, and to introduce the stresses laads to:

do,3 % t t
. -
<eyy >y 0" —339——— = S,/2{<tox,>cosz¢ + < g,,>5in2¢ + <o,,>sin%0Q
’ ]
. , t t u
- Moy, oksinte + 55/2 <Moyy> - S [<Tay, > £ <0y, > + <oy ]
+ S, /ea<Ma,, >cose + <Mo,,>sine)sin|2¢]. (Sa)
This equation is for either the matriz or the reinforcement. The

superscript t implies a total stress, micro plus macrostress, and
the carats imply an average over the volume sampled by the inci-

dent radiation. Expressed in terms of strains.

<e33> = {<te11>coszo + <tel,>sin2¢ + <te,z>sin’¢}sin’¢

+ {<Me,>cos0 + <Me,, >sinedsin|2¢| + <Me,, >c0s?y. (1)

The diffraction elastic constants Si and §,/2 in Eq. 5a vary with

the hky value of the peak and can also vary with processing.

Tharefore these terms should be measurad (Parry, Noyan, Rudnik
and Cohen, 1984, Noyan, 198S5). Approximate values can be calcu-
iated if necessary. CFor the (unusual) case of an isotropic

material these are -y /f and ((+V)/E respectively and in this case

are independent of hky ] It is worth emphasizing that all Cij

components are microstresses whereas all other components are




total (t) stresses, possibly involving both micro and macro-

stregsses.

The presence of G ,4 and/or G,, is readily detected because in

this case d@ " vs sinzw is not linear, Fig. 4, whereas in their

absance, linearity is prediciad bv Eq. g. If these terms are
present, the linear quantities a, and a, can then be formed from

measurements at +¢ and -¢w tilts:

d o4t +d 04~

a = — g ° Sz {<ta“>cos=q> + <tclz>sin2¢

t . .
+ <"ag,,>sin%0 - <“o,,>}51n2¢ + gi <“0,,> (da)

- 51(<to“> ¥ <ta,,> + <Fa,,>),

d -d

- ¢ ¢~ S . . .
a, = 7“""3-0———"’— = 52 {<Mo,, >c0s0 + <Moy, >sinelsin|2¢]. (6p)

From the linear relation i, vs sin|2¥| at & = 0° (”513) is
; o [
obtained and at » = 909, «( Co3).
The tera a. is obtained at & = 0%, 45° and 90°. cCalling the
slope of a wvs. sinz'«v, m, then at & = 0°, for any phase i:

1

' i t 1 1
oml = 52/2 {< Ty, -~ <u°)l>}d°a

(7a)




Y

and at » = 90

1

_ el t i i
90M = 52/2 {< Ga2> - <“03,>}dﬁ. 78

The tntercept (I) of the lines for both & is invariant and equal

to:

i . o .
L ;1d° =Sh/2 Mols oslpete, > 4 Lauis 4 <
]

poi
035 >] (8)

This itnvariance is a useful check on the data at each & .

Equations 7 and 8 can be solved simultaneously to yield

t t

B
¢ SRR T ay? and < G 33’ for a given phase. However, a value for

i , . . ; ; .
do precise in the fifth decimal place is required (Novan, 19835) .

This can sometimes be obtained by taking filings and anneal ing

them. Assuming this is pecssible, then for . ,n4d p phases, and

keeping in mind that the macroscopic stresses are the same in

Doth phases.

t m TR
<g,, > =< 0,,>+ < >

12y 11 G112 (9a)
t m .
<c“>8=<o“>+<“olsl> , (95

and frem Egq. 4.
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(1 - 1) <“c?1> + f<uoPl> = 0,

(9e¢)

A t H ¢ H B m
and similarl for <« o >« ), (T
2 Yy 022>. Thus <« T 11 611 ﬂil)' atc. are
obtained and the <,, components at & = 90°. From a, vs. sinlw at
& = 4s5°, data on P components are then obtained.
Even if accurate values of do are unavailable, it is still
possible to obtain useful information. Rewriting Eq. 7a:
i S.i m i i i
Om =21 {< g,,> t [u°11> - <u03 >}d0 (10a)
2
and:

B p_B _
(1-F) (Mol > - <Magy>]1 + fl<Hor,> - <fosy>1 = 0. (10b)

o . .
From Eqns. 10, (" .5 and the net microstress (“6?{““035 can be

obtained for each phase (Novan and Cohen, 198S5) . With corres-

ponding equations the (5 ,,) components are determined.

The approach applied here actually assumed that a!! the data
was obtained with x-ray difiraction with low penetration. Neut -

rons have a very large penetrating power (several cm in most

materials) and with this source, macrostress contributions will

11
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3) The use of filler to sample the stress state (at var-
ious depths) after fabrication and during service is

particularly attractive for polymeric matrices.
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did recognize that the sampled stress tensor was three dimensio-
nal and employed a shortened version of the techniques described
herg. The effects of moisture absorption could be detected, s
well as the stresses due to fabrication. This technique offers
great promise; suitable powders added during forming would permit
pariodic stress measurem2a2nts during use. By using diffarent

powders at diffarent depths, stress may be sampled vs. depth.

CONCLUDING REMARKS:

1) To date, few measurements of residual stresses in com-
posites have been carried out correctliy, taking into
account the three dimensional stress tensor, and the

decay of stress components toward the surface.

2) A suitable framework for performing such measurenments
has been described here, that can be carried out in
reasonable times. The procedure permits the separation

0f macro and microstress components.

3 I[f time does not aliow for such details, the most useful
measurements are of the lattice parameters of the

phases present, from which some idea of the hydrostatic

stress component can be obtained.

EAPCI S
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the net stress was much Iower than the predicted value, probably
because of this flow. The value reached saturation along the
fiber length, which suggested to the authors that such measure-
ments can lead to a measure of the transfer length. Exrtra-

polating values to the very tip they propose could give informa-
tion on the effective interfacial -hear strength, and by compari-
son with a fiber not completely embedded, information on size

effects might be obtained.

Barrett and Predecki have developed a most interesting tech-
nique for this class of materials (Barrett and Predecki, 1976,
1978, 1980, Predecki and Barrett, 1979, 1982) useful even if
neither the matrix or reinforcement.yield suitable diffraction
peaks, such as graphite or glass fiber reinforced epoxry rgsins.
Small amounts of a erystalline powder are dugsted on the ply. By
choes-sing different powders, the stresses at various depths may
be sampled. The criteria for choosing a powder, besides having a
suitable peak at high angles, is that this material have a yield
strength higher than the maximum expected in the composita.

Smaller amounts must be used than were employed in these studies

to avoid large effects on the local strass pattern. Reductions

by a factor of ten should be possible by employing PSD's While

the authors could not separate macroe and microcomponents with

diffraction from only one phase in a three-phase solid, thay

21
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tension, as expected, as the carbide contracts much less than the

A alloy matrix.

Both Ledbetter and Austin (1984) and Chipman (1975) recog-

nized the threa dimensional nature of the stress system, but not
the fading near the surface, nor the difference between micro and

macrostresses.

It will be interesting to explore many of these results with

the more quantitative procedures described here.

REINFORCED AMORPHOUS MATRICES:

The studtias on glass with embeddead thoria and alumina
(Grossman and Fulrath, 1961) have already been discussed. ot
particular interest in this section are studies of reinforced

resin matrices.

Giilin et. al. (19489) and Hawkes (1974) measured tha strasses
along a Pt-Rh wire, 10 mm long, embedded in a casting resin cured
at 323° K. Net stresses along the wire were measured with the
wire totally embedded in the resin, and also with one tip frae.

Comparison with theory indicated that there was plastic flow and

Tat N

-I I. "Q.
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in Fig. 1. These a2uthors also reportad that the plastic flow
accompanying a quench from room temperature into liquid nitrogen
reduced the net stress, perhaps by increasing the hydrostatic

component.

Chipman (1975) measured the difference in net stress in the
matrix paralle! and transverse to the AQ203 fibers in AQ and Mg
matrices. This value was large and positive. Chipman employed
transmission rather than the usual reflection techniques. Scat-
ter due to grain size was troublesomne. (Small oscillations can
help with this problem.) As the author sugges;s. the wuse of
sychrotron radiation could be especially useful. A wavelength
can be chosen to optimize penetration. Transmission has one
useful feature. While it is always best to use a peak at high Ig
to maximize the peak shift for a given strain, it is sometimes
difficult to find suitably intense peaks in this region, espe-
ctally from the reinforcement, and a peak at modest dngles must
be chosen. In reflection geometry, instrumental errors increase
with dascreasing g, pyt

these decrease in transmission.

Ledbetter and Austin (19846) studied both the matrisx and

particles of 6061 Ag reinforced with oparticulate SiC. They
examined the value of d at 4 5 0, in effect measuring (“535 in

both phases The SiC was in compression while the Ay as in

Dy M N A A S-Sl e A= Sedl Sk S i St I e S
. AN S N T e
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METAL MATRIXY COMPOSITES: .
Samoilov et. al. (1977) examined AQ alloys reinforced with
boron fibers. Only the stresses in the matrix were sampled (the

net stresses from slopes of & vs sin’w) as a function of ex-
trusion temperature and time. The net s' esses were of the order
of the yield strength of the matriz and reversed in sign (from
tensile to compressive) when samples were quenched ftom room
temperature to - liquid nitrogen. This does not really imply a

change in the sign of the stress, but rather 3 change in tha net

stress such that Cg33 was larger or smaller than O,, (or OT,,).

Tsai et. al. (1981) and Tsai (1980) examined A, alloys rein-
forced with variously coated graphite fibears. These were in-
serted in the melt of the matrix and the authors pointed out that
the difference in contraction along the length of the fibar and
the matrix was sufficient *to cause plastic upset. Therefore
although there was little diffearence in the contraction trans-
versa2 to the fibers, significan! net stresses were also cbsecrvad
in this direction due to the plastic flow. A particular feature
of this investigation was the attempt to sample the interface
region close to the fiber, and the middle of the region between

fibers, by electropolishing. Much lower net stresses were found

in tha latter region, confirming that a s‘rong gradient exists as
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measuyred volume (as with neutrons) might be a better way to

examine stress vs. depth.

We turn now to results for specific composite systems. Be -

fore doing this however, it is necessary to reiterate that ezcept

for the x /P brass already discussed, no complete measurements are

available. Most investigators have examined only tha slope of

<%3> vs. sinzw, which yvields a net stress, a net which includes

micro and macro components as well as the difference in stress in

different directions. It is not surprising that in such a case
the value may be much smaller than theoretical expeactation - and
even the wrong sign. Nevertheless, many results provide at [east

a useful qualitative picture and the net stress may be what is

desired. If time is of the essence, the best measurement to make
is the peak position at w - 0 - which, as already stated, yields
H_i

¢ €33 (Eq. Sb). If d _ is known this takes only seconds. Such a

measurement will not provide quantitative information on the near
surface stress state, but if it is believed that in the bulk the
strasses are hydrostatic this measurement providas at least the
cortect sight of the strain value of interest, if not the correct
magnitude (due to strain relaxation in the near surface ragion?’.
And if the correct waveliength is chosen the <correct value of

2]

( i o
635 can be obtained.

17
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absorption of the beam by the particles and matrix, and hence on

the particle size, spacing and choice of radiation. Positive or

negative slopes will occur if only the region of decay is sam-

pled. This is illustrated in Fig. 9. Thus, in making diffraction
meisurements, it is necessaty to decide if stresses near the
surface are most important, or if the bulk values are of more
interest, and to choose a wavelength appropriataly, as well as

the analysis technique.

Grossman and Fulrath (1%961) is particularly interesting be-
cause the coefficient of expansien of the glass matrix could be
adjusted to be larger or smaller than the suspended alumina or
thoria. With alumina, horizontal lines of € were observed for
the alumina, with a positive intercept when the expansion of the

glass was less than the alumina and vice versa.

Because the normal! components decay as the surfacsa is ap-
proached and because these components can be very important in

composites, caution is required in surface prepacration for stress

measuraments. Polishing will produce stresses in these regions.
Upon etching, the normal stresses adjust to zero at the new
surface, affecting all the stress components. If depth is to be

probed the wuse of short wavelengths and slits to define the

A et e et T e e s
e e T e e e e e e e
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ring time. While the peak position has bean found by parabolice
fitting to the uppermost regions of a peak (James and Cohen,
1977, the entire peak is recorded in a PSD. It has just been
shown that fits to the entire peak with a modified Lorentzian
function can provide the same pracision as a parabolic fit, but
in a3 much shorter time (Devine and Cohen, 1986). This procedure
has the added advantage that only slightly more than half the
peak is required. With composites, peaks from the matrix and

support could overlap, an this feature could prove helpful.

When the origin of the stresses is differential thermal
contraction during forming, the stresses may be nearly hydro-
static. In such a case the various plots (31 or éa) should be
horizontal with intercepts that yield the valuaes of strain compo-
nent (Heaa) which by itself is adequate to describe a hydrostatic
stress state. However, the microscopic normal components are

zero exactly at the surface and hence decay to this value as the

surface is approached. This has been modeled theoratically and
eyperimentally (Nishioka, Hana;usa and Fujiwara, 1974,
Takei, Nishioka, Hanabusa and Fujiwara, 1977, Hanabusa, Nishioka
and Fujiwara, 1983; Grossman and Fulcath, 1961; Krawitz, 1983)
(Si in Ay, carbides in steel, alumina and thoria in glass, WC in
Co). Krawitz, (198S5) shows that whether ot not sufficient depth

is sampled to see the full hydrostatic state depends on the

(L.}
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vSs. Sin ¢ (if closely spaced ¥ values are used) for some reflec-
tions but not others. The fluctuations can be employed to esti-
mate this coherency strain.

VARIOUS TECHNIQUES:

To follow the approach described here data must be obtained

at » = 0%, 45° and 90° and for each & at, say, six or more ¥
tilts. With normal x-ray detectors this can take about two-three
hours for a specimen. With neutrons several days can be invol-
ved. However, therte is a new class of detectors called position

sensitive detectors (PSD) that record the entire peak at one time
- a kind bf digitized film. These are available for =x-rays
(James and Cohen, 1976; James and Cohen, 1984, and neqttons
(Tompson, Mildner, Mehregany, Sudol, Berliner and Yelon, 1984).
These reduce the measuring time with x-rays to the order of one
hour or less, (and with neutrons to the order of a day). There
are now several examples of the determination of the entire 3-D
stress taeansor, Dolle and Cohen (1980) for example, and determina-
tion of macro and micro components in two phases has been demon-
strated in brass (Noyan and Cohen, 1985) . The results from this

last reference are illustrated in Fig. 8.

Another step has recently been taken which reduces ‘he measu-

o
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Qccasionally, anomalies have been reported in this type of
data. For samples with strong preferred orientation, large os-
cillations sometimes appear in (%3) or a, vs sinzw, (This is
why data at several w is required, to check for such'anomalies.)
These are of two origins: 1) They can be due to elastic anisot-
LTOPY., in whiech case switching to an 00h or hhh reflection may
helo fDElle and Cohen, 1980). 2) The origin may be in the fact

that there are variations in microstress from point to point;
perhaps some regions yield more easily than others. No conplete
analysis is possible in such a case. The average values are not
of much use in the presence of large fluctuations (Noyan and
Cohen, 1984) . .Two me thods exist in such a case for obtaining
some information on the range of stresses present; 1) either from
the data on peak position itself (Marion and Cohen, 19?5)40: 2)
from the Fourier analysis of the shape of the xX-1vay peaks
(Schwartz and Cohen, 1977); with this latter procedure the va-
riance of microstrain is obtained. It has been shown that the
use of shorter wavelengths may eliminate these oscillations (Hauk
and Vaessen, 1984) but this just means that the stresses them-

selves are averaged over too large a depth.

Doig and Flewitt (1985) have just shown that if the second
phase is aligned with some preferred orientation and there are

appreciable coherency strains, large fluctuations will oeccur in d
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average to zero and only the microstresses affect the results. .

The entire microstress tensor can then be obtained with al and a,

at three »'s. By restricting the beam with slits, Fig. 7, macro-

stresses are again included and with the total terms and the
" known microstresses, the macrostresses can be obtained. However,
hl this can only be done in the absence o0f strong preferred or. nta-

tion (Noyan and Cohen, 1984).

It € 4, O,5 are absent, all the above ©procedures are

simplified as the analysis can proceed (in the same way) with

<%3) at three &'s; the terms 2, and a, are not required.

There are many useful aspects of employing diffraction. Fir-
stly it is nondestructive. Secondly portable units exist for
studias in the field (James and Cohen, 1980) . Thirdly, errors

have been evaluated for instrumental effects (James and Cohen,

1780) for counting statistiecs (James and Cohen, 1977; Rudnik and
Cohen, 1984) and for the elastic constants (Perrv, Noyan, Rudnik
and Cohen, 1984 . Therefore it is not only possible to avaluate
the errors in a measurement without repetition, but it is pos-

sible to automate the measurement to an operator specified preci-

sion (James and Cohen, 1977).
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FIGURE 1:

FIGURE 2:
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FIGURE CAPTIONS

Schematic of the residual strass pattern in the

matrizx between bonded fibers. The dotted line is

the average sampled in most diffraction
measureme"ts.
Top: The longer slab is compressed and joined to

the shorter one. When the stress is removed, the
two slabs stress each other, the top one being put
into compression by the bottom one, and vice
versa.

A typical macrostress gradient as a function of
distance from the surface.

The azial system employed in this work. The pi
describe the sample, whereas the Li describe
measur ing space. The interplanar spicing of
planes normal to L, 3re measured in a stress
determination.

Schematic of a diffractometer for stress measure-
ment . ta) Certain atomic planes satisfy Bragg's
law and diffract x-rays at a 29 y3lue which de-
pends on the spacing of the hky oplanes. This

spacing is affected by stresses. (@B After the

specimen is tilted, diffraction occurs from other
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Since the

of planes.

grains but from the same sat
normal stress component on these is different than
in (a), the plane spacing will be dif ferent as
will the diffraction angle.
of the 211 peak (taken with
From

spacing

Interplanar
vs sin28 for a ground steel.

radiation)

CrK
=
Dolle and Cohen (1980).
FIGURE 7: The volyme sampled by a neutron beam is defined by
slits. By moving the slits or the specimen,
different regions can be measured.
(m) and micro (p.m.) stress
8 =

Separated macro
Shot peened & /P brass;

FIGURE 3§:

components vs depth.

0. The oP B = ((u611>-<uoaé>). From Noyan and

Cohen (1985).

FIGURE ¢9: Calculated interplanar spacing for the 122 WC peak
for CUKm radiation. WC with 10 pet Co.
Interparticle spacing of 1, 2, 4 and 10 yp were
employed with a hydrostatic compression of 400
(Krawitz, 19835).
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Figure 7: J. B. Cohen

T T —T T T
188, o .
& 2?4
o SO,
o 1] p
. | SO e e mum
B s, ¢t ? & ~
[
!
/ ]
1
-188, |- s
b ‘I
=288, } X ) Oesca— X
,
x ’/ ov"' —_
- | X x e .- -
X Y g o
X -7
1 1 ¥- L L
(TR 'TH 98, 128, 158.
2 (KICRONS
Figure 38: J. B. Cohen
1] 1 1] 1
Cr
b Biaxial
07901 E < _ .
—

0-7900

0-7899

- spacing (A)

© 07898

-~ \S."rcm free
—

-~
—~—

-~ -

a=10 uﬁ‘\\

E——

N Hydrostatic

Figure 9:

J. B. Cohen




Security Clauiﬁcni%

DOCUMENT CONTROL DATA-R&D

(Security classilicstion of title, body of abatract and indexing annotation must be entered when the overail report Is classilied)

. ORIGINATING ACTIVITY (Corporate author) EPORT SECURITY CLASSIFIGATION
J. 8. Cohen A0 4755558
Northwestern Unversity 25, GROGRT
Evanston, IL 60201

- REPORT TITLE

THE MEASUREMENT OF STRESSES IN COMPOSITES

. OESCRIPTIVE NOTES (Type of report and inclusive dates)

TECHNICAL REPORT #21

3. AUTHORIS) (First name, middle initisl, last name)

J. B. Cohen

). REPORT DATE 78, TOTAL NO. OF PAGES 7b./No. OF REFS
August 1985 -

8. CONTRACTYT OR GlAN?‘NO. 98, ORIGINATOR'S REPORT NUMBERI(S)
N00G14-80-C-116 21

b. PROJECT NO.

<. 90. OTHER REPORT NO(S) (Any other numbers that may be assigned
thie report)

10. DISTRIBUTION STATEMENT

Distribution of document is unlimited

11. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Metallurgy Branch
Office of Naval Research

13. ASSTRACY

Although there is mounting interest in the measurement of stresses in composite
materials after fabrication and/or use, few measurements to date have not taken into
account the three dimensional nature of the stress system in such materials. Most
data gives only the net stress, that is the difference between principal stresses. A
procedure for a more complete measurement (in a reasonable time) is developed here,
including the separation of macrostresses and microstresses. If times does not
permit a full investigation, measurements of the lattice parameters of the component
phases provide a simple way to sample the hydrostatic component due to differential
thermal contraction. The Barrett-Predecki method of adding filler is particularly
promising for stress measurements in those composites whose component phases do not
give appropriate diffraction peaks. This procedure could also be used for monitoring
streses during the useful life of such materials.

DD ./°™ 1473 (PacE 1)

S/N 0101.807.8801 Security Classification

.............
_____

N N

-t et -
........
--------



Security Classification -
LINK A LINK B LINK C J
KEY WORDS - .
ROLE wT ROLE wT ROLE wT
‘esidual stresses,
.omposites,
liffraction
[ 3
N

D SV.1473 (eacx)

PAGE 2)

. T TN T et At T e e R . -
- N PR TR PR ‘.'.‘-' e e -~ »
Dot e 3 L': N A AU T W A R A AL A \Jﬂ “ VY -“ PO “L‘ " -*H

SRR '.-.-.~.'._.-.~\

Security Classification

'.‘-

~
\"AAJ VTN \.\

2




10-85




